In specific contract No 4 issued under the framework agreement GP/EFSA/PRAS/2014/02 to Support the Regulatory Implementation of Cumulative Exposure Assessment of Pesticides, EFSA requested RIVM and its subcontractor Wageningen University & Research, Biometris to propose a data model organising the information related to specific elements of cumulative dietary exposure assessment for pesticides, which were toxicological information (i.e., cumulative assessment groups and substance potency information related to the specific effect), the authorisation status of plant protection products over time (per pesticide/commodity combination at national level), the use frequency of plant protection products over time (per pesticide/commodity combination at national level), the MRL in force over time, extrapolation rules according to the ad-hoc EC guidance, processing data (mean and individual values), and residue definitions for monitoring and risk assessment (possibly related to groups of commodities). The data model proposed in this report standardises how the data elements relate to one another, and allows the automation of main regulatory modelling assumptions, settings and default values when information is missing. The proposed data model is compatible with the format of data and coding rules of the EFSA standard sample description (SSD) and the EFSA DWH.
Summary
This report presents a proposal for elements of a data model for cumulative exposure assessment of pesticides. It describes necessary and relevant data components and the structure of the data for this purpose. At the basis of the proposed data model lie the primary entities populations, foods, substances, and effects. These primary entities define the scope of an exposure assessment and all other data that is to be collected adds information about these entities or the relationships between these entities. Consumption data describe the consumption of foods by individual persons in a population, occurrence data describe the concentrations of substances in foods. Hazard dose data characterize a possible hazard regarding a health effect, and are the basis for deriving relative potency factors and the calculation of cumulative exposures. In addition to these basic data sets, various other datasets can provide additional information that can be used to improve the model quality (e.g., processing factors, plant protection product authorisations, and extrapolation rules) or to make the correct links between the primary entities (e.g., food recipe data, residue definitions). The proposals in this report will be addressed in the development of the Monte Carlo Risk Assessment software.
Introduction
In the EFSA-RIVM Framework Partnership Agreement specific actions were defined to advance the development of cumulative dietary exposure assessment for pesticides. In action 1 the Monte Carlo Risk Assessment (MCRA) software (van der Voet et al., 2015) was adapted for large cumulative assessment groups. First experiences with probabilistic cumulative exposure assessments were obtained in actions 2 and 3 using MCRA. These actions have illustrated that much effort is required for the collection and organization of data in order to obtain reliable/realistic estimates of exposure. Apart from the basic data needs regarding occurrence and consumption, various other data are needed/relevant for obtaining good quality modelling results, such as cumulative assessment group definitions, information on complex residue definitions, information on authorisation status of pesticides on crops and/or use frequency information of plant protection products (PPPs), and processing factors. In view of the development of regulatory cumulative exposure assessment in the future, there was a need to develop a data model for organizing essential information for cumulative exposure assessment and allowing the automation of the use of these data. In action 4 of the EFSA-RIVM Framework Partnership Agreement, the data model presented in this document has been developed as a proposal to describe the (minimal) data/information needed to perform cumulative exposure assessments.
At the stage of the development of the data model, EFSA was in the process of developing a Data Warehouse (DWH) to facilitate the collection, storage and distribution of data collected by EFSA. The data hosted by the DWH includes pesticide residue data and food consumption data. It was anticipated that the DWH will further be the collection tool of a number of specialised information on pesticide active substances, e.g., hazard characterisation data related to CAGs, information on residue definition, processing data, and information on metabolites. The data model described in this document has been developed with the consideration that it can be primarily filled by data transferred from the EFSA DWH and where appropriate from other databases, e.g., the authorisation and maximum residue limit (MRL) databases of the European Commission.
This data model considers data for which a model is already available or under development at EFSA, but also for data for which a model is not yet available. The data for which a data model is already available or under development at EFSA are:
• Occurrence data (data model available)
• Consumption data (data model available)
• Processing data (data model under construction)
The data for which a data model was not yet available at EFSA at the start of this project are: The data model is complete in terms of the entities involved and the data/information needed to perform cumulative exposure assessments, such as they have been performed in actions 2 and 3 of the EFSA and RIVM framework partnership agreement. Furthermore, it aims to standardize how the data elements relate to one another, and allows the automation of main regulatory modelling assumptions, settings and default values when information is missing.
The proposed data model is compatible with the format of data and coding rules of the EFSA standard sample description (SSD) and the EFSA DWH. These data are already well structured at EFSA. The data model also addresses less standardised data such as conversion rules and authorisation. In previous actions, EFSA and RIVM gained experience and agreed on practical formats for data transmission and data progression.
This document is organized as follows: Section 2 describes the general structure of the data model. Section 3 provides a short overview of how data relevant for cumulative exposure assessment are collected by EFSA. Section 4 provides the details of the proposed data model. Section 5 closes with a summary and discussion, and describes the planned implementation in the MCRA software.
Proposal for a data model for probabilistic cumulative dietary exposure assessments of pesticides in line with the MCRA software www.efsa.europa.eu/publications EFSA Supporting publication 2018:EN-1375
Disclaimer: The present document has been produced and adopted by the bodies identified above as authors. In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the authors in the context of a grant agreement between the European Food Safety Authority and the authors. The present document is published complying with the transparency principle to which the Authority is subject. It cannot be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
Data for cumulative exposure assessment
At the basis of each cumulative exposure assessment are four primary entities: populations, effects, substances, and foods. A cumulative exposure assessment should always start with a definition of the appropriate levels of these entities. I.e., what is the population to be protected, what is the health effect of interest, which substances should therefore be considered, and which foods may then be relevant? These primary entities define the scope of the assessment.
Given the scope defined by the primary entities, data should be collected with information about these entities and the relationships between these entities in order to obtain reliable exposure estimates. This comprises, in some form, collection of 1) consumption data describing the consumption of foods by the individuals of the population, 2) occurrence data describing the concentrations of substances in foods, and 3) hazard data describing which substances are related to the health effect of interest and the (relative) doses at which exposures of the substances present a possible hazard regarding the health effect of interest.
All data needed/relevant for probabilistic cumulative exposure assessments can be placed into the above mentioned main categories formed by the primary entities and their relevant combinations. Thus, all data can be organized in the categories population data, food data, substance data, effect data, consumption data (foods/populations), concentration data (foods/substances), and hazard data (substances/effects). Within this main categorization, various types of data can be identified, comprising 1) elementary data/definitions of the primary entities, 2) elementary data regarding consumptions, concentrations, and hazard, 3) additional information to refine/improve the quality of the exposure estimates (e.g., processing factors, substance approvals, and extrapolation rules), and 4) linking data or harmonization data to make the correct links between the entities of the assessment (e.g., food recipe data to link consumed foods to the RACs).
Figure 1 sketches the above mentioned categorization. In this figure, the large regions represent the main data categories and the small blocks represent the relevant data groups for probabilistic cumulative exposure assessment. The corner regions define the primary entities and also regard data describing how primary entities of a certain type relate to other primary entities of the same type. For instance, recipe data describes how foods are composed of other foods. The regions between these corner regions contain data describing the relationships between combinations of the primary entities. Consumption data are linking foods and populations, occurrence data are linking substances and foods, and hazard data are linking substances and effects. At the centre of the figure are the cumulative exposure estimates, which indeed can be seen as output data comprising populations, foods, substances, and effects.
Within the data categories, multiple data groups can exist. Table 1 provides an overview of the relevant data groups shown in Figure 1 and a description of their role in cumulative dietary exposure assessments. It includes the entity definitions of foods, substances and effects. Notice that the definition of the population is missing. This is because for dietary exposure assessments, the population is commonly defined implicitly by the consumption data used for the assessment at hand.
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Data group Category Type Description Food definitions
Foods Definitions The set of foods relevant for the assessment. This comprises foods at the level at which they are consumed (foods-as-eaten) as well as the level at which occurrence data is measured (foods-as-measured), commonly raw agricultural commodities (RACs). Also intermediate product in the conversion chain of food-as-eaten to food-as-measured may be relevant. Each food should be identified by a unique food code (in a certain food coding system, such as FoodEx1) that is used for linking all food-related data. Processing types Foods Definitions The food processing types relevant for the assessment. All processing types for which the distinction between processed foods and unprocessed foods is relevant for the exposure assessments should be defined. The food definitions should relate to these processing types.
Disclaimer: The present document has been produced and adopted by the bodies identified above as authors. In the remainder of this document, this general description of the data relevant for cumulative exposure assessments will be used to systematically reflect which data is available at EFSA/EC level (section 3) and to present a complete/detailed description of a data model for cumulative exposure assessments (section 4).
Data and definitions available at EFSA/EC
In section 2, an overview was given of the data relevant for performing cumulative dietary exposure assessment calculations. As mentioned in the introduction, for part of this data a data model is already available at EFSA, being consumption data and occurrence data. Also, a processing database is currently under development. Some other data, such as MRLs and authorisation status information are available at EC level. Below, a short description is given on the sources and formats of the data used at EFSA or available at EC level. In this discussion, an important element is addressing the different coding systems used for the primary entities.
Foods data 3.1. FoodEx2 is a comprehensive food classification and description system aimed at covering the need to describe food in data collections across different food safety domains. After its first release in 2011, the system was broadly tested in various practical situations, allowing its evaluation and the identification of areas for improvement. As a consequence of this testing phase, FoodEx2 was reviewed and revised in order to match the needs expressed by the different users. In particular, the terminology was significantly expanded in the sections on raw commodities and natural sources, new hierarchies were added and the relationship between the terms and the most important facets was streamlined. This technical report, mainly aimed to data providers to EFSA, describes the revision of the system and also provides guidance for the harmonised use of the system and the quality control of the codes. Revision 2 of FoodEx2 replaces the revision 1 (EFSA 2015) .
The mapping between FoodEx2 codes and FoodEx1 codes was made to convert to FoodEx1 occurrence and consumption data provided to EFSA using FoodEx2 database (EFSA 2016b ). This conversion is necessary during the transitional period between the two systems, when data are still analysed with FoodEx1. The FoodEx2 codes considered in the mapping are mainly the reportable terms of the Exposure and Reporting hierarchies. A perfect matching between the two systems was possible for many FoodEx2 terms, but not for all. For the other terms, a series of rules for converting FoodEx2 codes to FoodEx1 codes were identified. When necessary, product treatment descriptors were added to the FoodEx1 matching code in order to keep as much as possible of the information Proposal for a data model for probabilistic cumulative dietary exposure assessments of pesticides in line with the MCRA software www.efsa.europa.eu/publications EFSA Supporting publication 2018:EN-1375
included in the FoodEx2 codes. The resulting mapping was integrated in the field 'foodexOldCode' in the FoodEx2.
Processing type definitions
In scope of dietary exposure assessments of pesticides at EFSA, three different coding systems for processing type definitions are identified; in the SSD format, processing types are defined using PRODTR codes, in the FoodEx2 format, processing types are defined as facets, and the definitions used by Boon et al 2009.
Food unit weights
At EFSA, unit weights of RACs are included in and can be obtained from the EFSA Pesticide Residues Intake Model (PRIMo). PRIMo adopts the coding system of Annex I of Regulation (EC) No 396/2005 for coding the foods/RACs.
Food translations
In actions 2 and 3 of the EFSA-RIVM Partnership Agreement, a model developed by RIVM within a procurement contract was used to only convert fruit and vegetable products (Boon et al 2009) . EFSA is currently working on the conversion of the whole food consumption database into raw agricultural commodities. Since this work is still on-going a data model for the RAC converted consumption data
has not yet been finalised; the structure of the data model is not yet available. Nevertheless, when finalised, the RAC converted data will be stored in the DWH where data providers will be allowed to download the RAC converted data for their own food consumption surveys. Data may then be directly downloaded by RIVM, provided that RIVM has gained access from the data providers.
Substance data 3.2.
Substance definitions
At EFSA, the PARAM catalogue used in the SSD formats (EFSA 2010 , EFSA 2013b ) is the main substance definition system for dietary exposure assessment of pesticide residues, since this is the default format specifying the substances in concentration data. It is a hierarchical system, hence, including definitions for groups of chemicals and for pesticides, it distinguishes between pesticide residues and residue definitions. Other coding systems, such as CAS codes become more relevant when including toxicological data in the assessment.
Substance approvals
The EC pesticides database is also the main source of substance approval data. In this database, the approval status are recorded per substance, including the date of approval and expiration date.
Residue definitions
The EFSA PARAM coding system includes information about which active substances belong to which residue definitions for monitoring (i.e., in a qualitative manner). Besides that, no database or data format exists at EFSA that contains quantitative information necessary to translate measurements on the level of residue definitions to the level of active substances.
Effects data 3.3.
Effect definitions
At the start of this project EFSA had no effect coding system available for the purpose of cumulative exposure assessments.
Consumption data 3.4.
Consumption data
The EFSA Comprehensive Database has been built from existing national information on food consumption at a detailed level (EFSA 2011) . Competent organisations in the European Union's Member States provided EFSA with data from those most recent national dietary survey in their country, at the level of consumption by the individual consumer. At present, it includes food consumption data concerning infants (6 surveys from 6 Member States), toddlers (11 surveys from 10 Member States), children (20 surveys from 17 Member States), adolescents (20 surveys from 17 Member States), adults (22 surveys from 21 Member States), elderly (16 surveys from 15 Member States) and very elderly (14 surveys from 14 Member States). Surveys on children were mainly obtained through the Article 36 project "Individual food consumption data and exposure assessment studies for children" (acronym EXPOCHI). The aim of the present document is to give an overview of the Comprehensive Database and to provide guidance on its use for dietary exposure assessments. Summary statistics of this database are available on the EFSA website. These database have been coded using the FoodEx1 food classification and description system.
In the near future, EFSA will store consumption data in the form of RAC converted consumptions. The RAC converted consumption data will be recorded for each individual consumption event of the RACs, which will be connected to the original food consumed and the individual consumer's information (e.g., gender, age, body weight). The most critical steps of the conversion calculation will also be recorded, including the most relevant processing facets.
Occurrence data 3.5.
Concentration data
The way EFSA reports data on pesticide residues in food and feed according to Regulation ( The food samples consist in the vast majority of cases of RACs, referenced using MATRIX codes, defined in the MATRIX catalogue. The measured substances are defined by means of the SSD PARAM codes.
Processing factors
At EFSA, processing factors are stored for substance, food and processing type combinations. The processing type (facet) relates to the study protocol used. Not only one, but several processing factors will be possible for one AS/RAC/processing facet combination, depending on the number of valid studies available. A first batch of data (all PFs related to ASs for which an Article 12 reasoned opinion has been published by 30/06/2016) will be collected in the context of the grant on processing factors. It will be searchable database with a format still to be defined, but which should be compatible with the pesticide database currently under development (OC/EFSA/PRAS/2015/02). Further data will be collected later on for ASs with Article 12 reasoned opinions produced after 30/06/2016 either by EFSA or by external organisations.
In January 2017 the EFSA project 'Database of processing techniques and processing factors compatible with the EFSA food classification and description system FoodEx 2' (GP/EFSA/PRAS/2016/01) has started. The final database with processing factors can be a source in future. Specific rules will be established after completion of the grant on processing factors to enable the extrapolation of the PFs to other RACs than the one which was used to derive the PFs. 
Unit variability factors

Concentration extrapolations
At EFSA, there is no database recording the allowed extrapolations of the occurrence data from one RAC to another, in the cases of missing concentration data. However, the EC Guidelines on comparability, extrapolation, group tolerances and data requirements for setting MRLs (EC 2011) may be considered for deriving this data based on substance approval information and MRL data.
Substance authorisations
There is no direct source for obtaining authorisation information on substance/crop combinations at EFSA or at EC level. However, this information may be deduced from substance approvals and the existence/absence of maximum residue limits.
Maximum residue limits
The EC pesticides database (ref) can be considered as the main data source of MRL data. This database reports the MRLs for foods referenced using the coding system specified in Annex I of Regulation (EC) No 396/2005. Substances are referenced by name.
Agricultural uses
Authorisations and use frequency of PPPs are not regulated and gathered at European level, but on national level. However, as shown in actions 2 and 3 of the EFSA-RIVM Partnership Agreement, the use frequencies of substance mixtures may be approximately derived based on the findings from monitoring data.
Hazard data 3.6.
For modelling of toxicological information, i.e., hazard data, relevant for cumulative exposure assessments, no suitable database is yet available at EFSA. The type of data as can be found in for
example appendix A of EFSA (2017) provides hazard data useful for cumulative exposure assessment. Such a database can contain information on many different aspects, as will be further described in section 4.
For the purpose of defining cumulative assessment groups and relating substance exposure to possible health effects, toxicological information should be collected, see for example RIVM et al. Disclaimer: The present document has been produced and adopted by the bodies identified above as authors. In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the authors in the context of a grant agreement between the European Food Safety Authority and the authors. The present document is published complying with the transparency principle to which the Authority is subject. It cannot be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
Detailed data format descriptions of the data groups
The data for cumulative exposure assessments are a collection of the data groups listed in Table 1 and, in turn, each of these data groups is a collection of data tables following a certain format. Figure  2 shows an entity relationship diagram of all tables of the data model.
In this section, the structure of all tables of all relevant data groups is described in detail. For each table, the relevant fields are described by a name and description, a specification of the type of the field (numeric, alphanumeric), a specification of whether it is (part of) a primary key (PK) or a foreign key (FK), and it is specified whether this field is required. The field types are alphanumeric, numeric, or of a specific type, such as a weight unit indicating the unit of a specified amount (e.g., grams or kilograms). Descriptions of these specific types, and their possible values, can be found in Appendix A -. If present, additional uniqueness constraints on the values of (pairs) of fields in the tables are also stated.
The tables describing definitions of entities consistently adopt the three fields; identification code (id), name, and description. Of these fields, only the identification codes are mandatory, the others are optional. The latter is a design choice to make the format suitable for quick data preparation, and motivated by the fact that the only field that really defines entities is the identification code. In case no names are given, the names can be assumed to be the same as identification codes.
Food data 4.1.
Food definitions
Foods entities are defined in the foods table (Table 1 ). All food entities relevant for the exposure assessment at hand should be defined in this table. Each food is defined by a uniquely identifiable food code, an optional name, and an optional description. All other data related to foods should match (through the food codes) with records of the food definitions table. This simple format is sufficient for facilitating definitions of all common food coding systems, and for combining food definitions of multiple coding systems (e.g., FoodEx1 codes in combination with Reg. EC 178/2006 RAC codes) as long as there is no overlap between the codes in the coding systems. 
Processing types
The processing types table (Table 2 ) allows for definitions of processing types. Each processing type consists of a unique identification code, a name, and a description. In addition, it may be specified whether this processing type is assumed to be applied on (large) batches of foods (which is the case, for instance, with juicing). 
Food unit weights
The food unit weights table (Table 3 ) records the unit weights of foods. Each record links to one food that should be defined in the food definitions table and an important constraint is that only one record per food may be defined. Unit weights are relevant properties for unit variability calculations in (acute) cumulative exposure assessments. 
Food translations
Commonly, substance residues are measured on raw (agricultural) products, and not directly on the (processed and composite) foods as consumed by the individuals of a population. Additionally, different food coding systems may be used for coding the foods-as-measured and the food consumption and translation between these coding systems is needed (e.g., from FoodEx1 to RAC). For this, a conversion is needed to translate consumed foods (foods-as-eaten) to foods on the level at which the measurements have been taken (foods-as-measured). Given such conversions, a consumed food can be translated to all (unprocessed) ingredients through these translation steps and substance residue concentrations can be attached to this consumption.
The food translation table, if present, records food translations as triplets of a from-food, to-food, and proportion (Table 4 ). The from-food refers to the composite food, the to-food refers to the ingredient, and the proportion determines the percentage of the from-food consists of the to-food. In the case that translation represents a processing step, the to-food represents the unprocessed food, the fromfood represents the processed food, and additionally, the processing type references the type of processing that is used. 
Substance definitions
All substances relevant for the calculations should be defined in the table substances (Table 5) . Each substance is defined as a triplet of a uniquely identifiable code, an optional name, and an optional description. At EFSA, the substance definitions of the parameter code catalogue of the SSD definition can be used.
Within the scope of a cumulative exposure assessment, the set of substances should at least comprise the substances of the residue definitions and the active substances. The specific subset of substances used to obtain the cumulative exposure estimates is defined by the cumulative assessment group (see section 4.6.1). 
Substance approvals
Pesticides have to be approved before they can be used in plant protection products (PPPs). Information about the approval status of single substances can be used to exclude a substance from consideration if it is not approved or to determine whether measurements of the substance that were below the LOR/LOD can be assumed to be true zeroes.
In the substance approvals table (Table 6 ), the approval status (approved, not approved, pending, see dictionary in Appendix A -) can be defined per substance. Additionally, start date, end date, and location may be provided, which may be of interest when restricting the exposure assessment to a specific time window/location. The reference field can be used to record a reference to the source of the approval information.
Residue definitions
A difference may exist between the substance that has been measured (residue definition) and the substance that is actually causing the effect (active substance). Different types of residue definitions may exist. For example, it may be that measurements are taken from an endpoint (residue definition) that represents a group of active substances. In this case, the substance concentration could be seen as the sum of multiple substances, each taking some proportion of the measured concentration. The residue definitions table should define how concentration measurements on the level of residue definitions translate to concentrations of active substances.
The records of the residue definitions table (Table 7) specify which active substances (idActiveSubstance) link to a measured substance or residue definition (idMeasuredSubstance). Each record contains a conversion factor that specifies how a concentration of the measured substance translates to a concentration of the active substance, a flag that states whether the residue definition should be assumed to translate exclusively to one of its active substances, and a proportion. The proportion specifies the proportion of the samples that should translate to this specific active substance in case the translation is exclusive, otherwise it specifies the proportion of the concentration that is assumed to be attributed to the active substance.
Note that for cumulative exposure assessment models, a substance conversion module should be included to combine the residue definitions with the occurrence data and map the residue definition measurements to their respective active substances. This mapping may be an identity mapping if the substance of the residue definition is the same as the active substance, it may be a mapping to multiple active substances as mixture, or it may translate exclusively to one of the active substances of the residue definition. Exposure assessment should then be performed at the level of the active substances. 
Table format residue definitions (ResidueDefinitions).
Effect definitions
Effects for which cumulative exposure assessments can be performed are described in the effects table (Table 8) . Each effect is defined as a triplet of a unique identification code, an optional name, and an optional description. Consumption data 4.4.
Table format effect definitions (Effects).
Individual consumptions
In probabilistic dietary exposure assessments, food consumption data is used for modelling the food consumptions of the individuals (chronic) or individual-days (acute). A common approach of modelling the consumptions is to adopt a Monte-Carlo method and to sample random individuals/individual-days from the individual consumption data and use the consumptions and consumption amounts of these sampled individuals. Food consumption surveys are described using three tables: food consumption surveys (Table 9) , individuals (Table 10) , and individual consumptions (Table 11 ).
The food consumption surveys table is the overall table of this table group. In this table, the surveys are recorded, including the specification of general information about these surveys. Each survey has a unique identification code, and an optional textual description. The location, start date and end date fields define the time and place of the survey. Additionally, the number of survey days per individual can be specified as well as the units used for recording the bodyweight, age, and consumption amounts. The individuals that were part of the survey are recorded in the individuals table.
Disclaimer: The present document has been produced and adopted by the bodies identified above as authors. In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the authors in the context of a grant agreement between the European Food Safety Authority and the authors. The present document is published complying with the transparency principle to which the Authority is subject. It cannot be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. The individuals that were part of a survey are defined in the individuals table. Each individual has a unique identification code and is linked to a specific food consumption survey by means of the survey code. Furthermore, each individual has a bodyweight (used for computing exposures per kg bodyweight), an age and gender (that may be used for filtering specific subsets of the population), and a number of days that were recorded for the individual. The consumptions of the individuals of the survey are recorded in the individual consumptions table. Each consumption should be specified as a combination of a reference to an individual using the individual code, a reference to the consumed food using the food code, a reference to the day of the consumption (idDay), and a consumed amount. Additionally, the code of the meal, or eating occasion and the date of the consumption may be specified. Occurrence data 4.5.
Concentration data
Concentration data provides the main source of information for modelling substance residue concentrations on food products within dietary exposure assessments. For each relevant food, samples should be collected measuring the concentrations of all or part of the substances relevant within the exposure assessment at hand. From this, concentration models can be constructed per food/substance combination and/or per food as cumulative concentration models in terms of reference substance equivalents. These concentration models are models of the frequency and amounts of substance residues on the foods that were measured. Within Monte-Carlo approaches, residue concentrations can be drawn to simulate residues for consumed foods. Table 12 summarizes the fields relevant for cumulative exposure assessments, including the descriptions, of the SSD format. Year of sampling. If the measure is the result of a sampling over a period of time, this field should contain the year when the first sample was collected. sampM Month of sampling. If the measure is the result of a sampling over a period of time, this field should contain the month when the first sample was collected. sampD Day of sampling. If the measure is the result of a sampling over a period of time, this field should contain the day when the first sample was collected. paramCode FK Parameter/analyte of the analysis described according to the Substance Code of the PARAM catalogue resUnit Unit of measurement for the values reported in "Result LOD", "result LOQ, "CC Alpha", "CC Beta", "Result value", "Result value uncertainty standard deviation, "Result value uncertainty" and "Result legal limit".
resLOD Limit of detection reported in the unit specified by the variable "Result unit". resLOQ Limit of quantification reported in the unit specified by the variable "Result unit" resVAL The result of the analytical measure reported in the unit specified by the variable "Result unit", resType Indicate the type of result, whether it could be quantified/determined or not. progSampStrategy Sampling strategy (ref.
EUROSTAT -Typology of sampling strategy, version of July 2009) performed in the programme or project identified by program code. prodTrt Used to characterise a food product based on the treatment or processes applied to the product or any indexed ingredient. Foreign key relationship: (prodCode) references Foods (idFood) Foreign key relationship: (paramCode) references Substances (idSubstance) EFSA collects concentration data in the EFSA SSD format (EFSA 2013a). The reader is referred to this document for a full description. Essential data fields of the SSD for use in cumulative exposure assessments are 1) food code (prodCode) and substance code (paramCode) to relate the measurements to the appropriate foods, 2) sample and sub-sample code to determine which measurements are from the same sample (relevant for sample-based approaches, see EFSA 2012), 3) the measurement value (resValue) together with the unit of measurement (resUnit), 4) the LOD/LOQ of the analytical method in case the measurement was below either or both of these values. Additionally, the location and sampling date can be used for defining subsets in case specific locations and/or time-frames are of interest. Also, the sampling strategy may be specified to filter out suspect samples.
Processing factors
Concentrations of substances in foods may change when foods are processed (e.g., peeling or cooking). Processing factors specify the ratio of concentrations in the processed and unprocessed food. When modelling substance residues for consumptions of processed foods, these factors may thus be used to obtain (realistic) concentration estimates for consumptions of processed foods based on concentration values of the unprocessed foods.
Processing factors are defined for triplets of processing type, food (RAC), and (active) substance. These are recorded in the processing types table (Table 2) . Processing types in combination with a food (e.g., a food-as-measured) implicitly define a link to a another food (e.g. a food-as-eaten). The processing factors are recorded in the processing factors table (Table 13 ). Processing factor records should be linked to processing types using the processing type code and for the foods and substances, the codes should match the codes of the primary entity descriptions for foods and substances. In this table, multiple processing factors are allowed, which may occur when multiple studies exist. In this case, the model should account for an appropriate extraction of nominal processing factor (e.g., mean or median) and appropriate uncertainty bounds. Disclaimer: The present document has been produced and adopted by the bodies identified above as authors. In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the authors in the context of a grant agreement between the European Food Safety Authority and the authors. The present document is published complying with the transparency principle to which the Authority is subject. It cannot be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 
Unit variability factors
In the basic model for an acute exposure assessment, it is assumed that the concentration of the substance displays the variation of residues between units in the marketplace. In general, both monitoring data and controlled field trial data are obtained using composite samples and, as a result, some of the unit to unit variation is averaged out. To account for this, models for unit variability aim to adjust composite sample means such that sampled concentrations represent the original unit to unit variation of the units of the composite samples.
Unit variability factors are recorded in the unit variability factors table (Table 14) . Each factor is defined for a food. In the proposed format, unit variability should be defined in terms of variability factors (defined as 97.5th percentile divided by the mean). Unit variability factors should be uniquely defined for each food. 
Concentration extrapolations
It may occur that for a certain food on which substance residues are expected, concentration data is missing or insufficient for creating reliable concentration models and there is a need to extrapolate concentration information for this food from another food. For instance, there may be substance/food combinations for which there are less than ten samples. In actions 2 and 3 the EFSA and RIVM framework partnership agreement, the following extrapolation procedure was used for foods with less than ten samples: If for a given active substance, the food (RAC) to be extrapolated and the food to which extrapolation is applied have both authorised use and if the two MRLs are the same, then extrapolation is allowed. This procedure is based on the EC Guidelines on comparability, extrapolation, group tolerances and data requirements for setting MRLs to be considered too (EC 2011).
In the concentration extrapolations table (Table 15) , it may be recorded whether extrapolation of concentration data for one food (the to-food) from another food (the from-food) is allowed. That is, provided that the authorisation conditions and the condition of MRL equality are met. In this table, the tuple of from-food and to-food should be unique. The directionality of this table is one-way. If for a certain food pair, extrapolations are allowed in both directions, then two records should be added. If the extrapolation rule should only apply in the scope of a specific time frame, then this period can be specified by the start date and end date. 
Substance authorisations
Whereas the substance approvals (section 4.2.2) provide statements about the approval status of substances in general, the substance authorisations table (Table 16 ) is intended to provide information about whether substance use is allowed for specified food/substance combinations. It may be used if a substance is authorised for use on specific foods. For cumulative exposure assessments, this information can be used for imputation of non-detects/missing values. 
Maximum residue limits
Maximum residue limits (MRLs) may be worst case values for substance concentrations for food/substance combinations for which no realistic occurrence data is available. Additionally, as mentioned above, MRLs may be used to determine whether concentration extrapolation between pairs of foods is possible.
Maximum residue limits can be provided in the maximum residue limits table (Table 17) . Each maximum residue limit is defined for the combination of a food and a substance by an MRL value and the unit of this MRL value. Additionally the time range during which this MRL was in place may be specified.
Agricultural uses
Agricultural use percentages of plant protection products (PPPs) may be of use for modelling concentrations of non-detect measurements in cumulative exposure assessment. As they provide information about what substance mixtures can be expected to be present simultaneously on food samples. For non-detect concentration measurements, this information may aid to determine whether the non-detect measurement originated from a true zero or may be a positive measurement below the limit of detection.
Agricultural use percentages can be specified using the agricultural uses (Table 18) and agricultural  use substances table (Table 19 ). This data format expects agricultural use percentages to be specified for mixtures of substances. Each mixture has an id (idAgriculturalUse) and a list of substances that are part of this mixture (agricultural use substances). These agricultural uses are assumed to be exclusive (i.e., only one mixture or PPP is used per sample). Hence, the sum of the agricultural uses for one food should not exceed 100%. Hazard data 4.6.
Cumulative assessment groups
The definition of which substances should be considered simultaneously in an exposure assessment is topic of ongoing research and discussion. Often, assessment groups are implicitly defined by the presence of either hazard doses (e.g., NOAELs) or relative potency factors. However, explicit definition of the cumulative assessment groups may be preferable, as allows for explicit distinction between the substances that should be considered within a cumulative assessment and the substances for which hazard doses or relative potency factors happen to be available.
The table cumulative assessment groups (Table 20) allows for explicit definitions of the groups of substances that should be considered together in a cumulative exposure assessment. In this table, each assessment group has a unique identification code, a name, and an optional description. Each assessment group should be linked to a specific effect and an index substance (or reference substance) should be defined. Membership of individual substances can be defined in the assessment group memberships table (Table 21 ) in which membership of each substance is quantified in terms of a membership probability. This membership probability should be a value between 0 (not a member) and 1 (a definite member) stating the degree/probability of membership.
Hazard doses
Hazard doses provide information about the dose levels at which substances are attributed to have a certain health effect (e.g., BMDs) or at which no effect can be observed yet (e.g., NOAELs). Hazard doses are used to derive relative potency factors, construct the cumulative assessment groups, and based on these hazard doses, health impact analysis can be done.
Hazard doses can be defined in the hazard doses table (Table 22) . Each hazard dose is defined for the combination of an effect and substance and is specified by means of a dose value, a hazard dose type (e.g., NOAEL or BMD, see dictionary in Appendix A -), and a dose unit expressing the concentration unit in which the dose is defined. Hazard doses may not be unique for each effect/substance combination, as they may be obtained from multiple studies. It is up to the methods of exposure assessment to properly account for this uncertainty. Disclaimer: The present document has been produced and adopted by the bodies identified above as authors. In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the authors in the context of a grant agreement between the European Food Safety Authority and the authors. The present document is published complying with the transparency principle to which the Authority is subject. It cannot be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
Conclusion and discussion
This document has presented an overview of the (minimal) data relevant for performing probabilistic cumulative dietary exposure assessments (section 2), it has summarized what data is available at EFSA/EC level relevant in this context (section 3), and it has presented a detailed description of a data format that can be used for these purposes.
This data model is developed based on the experiences with the calculations performed in actions 2 and 3 of the EFSA-RIVM Partnership Agreement. It is intended to formalize how the data is stored and to minimize the number of manual off-line actions that were needed in the calculations of actions 2 and 3. It includes data for which a model is already available or under development at EFSA, but also contains descriptions for data for which a model is not yet available. The latter comprises toxicological information, data on authorisation and use frequency of PPPs over time, MRLs over time, extrapolation rules, processing factor data, and residue definitions.
The data format is presented as a collection of tables, grouped in table groups (see Figure 1) , which can be categorized into the categories population data, foods data, substance data, effects data, occurrence data, consumption data, and hazard data. For each A number of possible extensions to this proposed data format can be mentioned, because they could improve future modelling:
 Explicit definition of populations: in the proposed data format, the population definitions are assumed to be defined implicitly based on the individual consumption survey and possible subset selections on the individuals in the survey. However, as with foods, substances, and health effects, populations may be defined explicitly as well. Including a population definitions data group would allow to better distinguish between the population for which the exposure assessment should be done and the data that is available to answer the assessment question.
 Inclusion of code-system specifications in primary entity definitions: in the current data model, the primary entities foods, substances, and health effects are defined by a unique identification code. However, in cumulative exposure assessments, commonly multiple coding systems are used/relevant simultaneously. Consider, for instance the combination of MATRIX codes and FoodEx1 codes for foods. In such cases, it may happen that the same code is used for different foods in the different coding systems. Also, there may be a desire to include readacross/synonyms lookup functionality to easily link the same entities defined by different coding systems.
 Inclusion of hierarchy specifications in the primary entity definitions: the data model does not include hierarchy definitions in the primary entity definitions. Yet, coding systems like the PARAM code definitions and FoodEx2 include such hierarchies, and these hierarchies may be of use, for instance, for read-across purposes. Extending the data model with such information would allow for such purposes.
Besides this, current developments at EFSA, such as the development RAC converted consumption databases and collection of processing factors, may lead to extension of the proposed data format.
The data model aims to assist in an optimal connection of EFSA data to any system for cumulative dietary exposure assessment calculations. For example, new data may be toxicological data as have been collected in an external scientific report for EFSA (RIVM et al. 2016) , or data from databases that
